FIGURE S3, RELATED TO FIGURE 3. Presence of water molecules and cavity interactions in apo MD-1 over 100 ns. The number of cavity-resident water molecules is shown for all three replicas of (A) iMD-1 apo , and (B) iMD-1 apo_exp . In both cases, rapid loss of water accompanying hydrophobic collapse is highlighted inset. (C) The number of hydrogen bonds (10-point running average) formed between the polar residues lining the cavity entrance on strands βF, βG and loop GH, for the iMD-1 apo (black) and iMD-1 apo_exp (red) systems. A hydrogen-bond was defined as having an angle of 30° and distance of 0.35 nm.
FIGURE S4, RELATED TO FIGURE 4. Conformational plasticity of MD-1. (A)
Mean Cα RMSD over final 20 ns of simulation with respect to MD-1 in the bovine crystal structure (PDB 3RG1, chain H), for iMD-1 apo state using a range of force fields and water models. The CHARMM-TIP3P data is averaged over three replicas. (B) Mean Cα RMSD over final 20 ns of simulation for MD-1 and its components in complex with RP105, averaged over the two monomers of the dimeric complex. (C) Final binding cavity volumes over final 20 ns of simulation of MD-1 in complex with RP105, averaged over two monomers of the dimeric complex. (D) Mean per-residue probability of being part of a β-strand over the final 20 ns of simulation for each iMD-1 system, colored and labeled inset. The β-strand presence in the Xray structure with endogenous ligand is indicated by the dotted black line. (E) The perresidue RMSF over the final 20 ns of simulation is shown for each iMD-1 system, colored and labeled inset. FIGURE S5, RELATED TO FIGURE 5. Ligand-protein interactions in the MD-1 cavity. The initial setup is shown for (A) iMD-1
LPIVa_cMD-1 and (B) iMD-1 LPIVa_hMD-2 . Final conformations following 100 ns of simulation are shown for (C) iMD-1 DMPC ; (D) independent replicas of iMD-1
LPIVa_cMD-1 and (E) iMD-1 LPIVa_hMD-2 ; and (F) iMD-1 LPA . Key interactions are highlighted between residues lining the MD-1 cavity entrance and each ligand. The protein is shown in cartoon representation, coloured according to secondary structure, and ligand is shown in wireframe format. (G) Timelines for each labeled system of the total number of hydrogen bonds (black lines) and salt bridges (red lines) formed between bound ligand and polar residues lining the cavity entrance on strands βF, βG and loop GH. A 10-point running average is plotted to ease visualization. A hydrogen-bond was defined as having an angle of 30° and distance of 0.35 nm. A N-O distance of ≤0.32 nm was used for salt bridges. (H) Timelines for each labeled system of minimum distance between key residues at the cavity lining of iMD-1 and bound ligand. Individual interactions are represented as different colored lines and labeled inset. FIGURE S6, RELATED TO FIGURE 6. Receptor complex interactions and stability. (A) Polar interactions formed between LPA and bRP105 or hRP105. Conserved electrostatic interactions between the LPA phosphates and protein in RP105 are compared with human TLR4 (hTLR4). In hTLR4, these include interactions between LPA phosphates and R264, K341, K362, Y296, Y292 and D294, which were observed to be reproduced by equivalently positioned residues in both the bovine and human RP105 complex, including E256, S/H332, R/K357, R285, and K/E283. (B) Equivalent mean distances for interactions shown in (A) averaged over the final 20 ns of simulation (top), and timelines showing minimum distance between key RP105 residues (different colored lines, labeled inset) and ligand phosphates. Interactions with acidic residues are mediated via counterions, illustrated graphically in (A). In (C), the Cα-RMSD is shown for RP105 and its various components, for both the bovine and human complexes, in the presence and absence of bound LPA. The RMSD for each individual component was calculated after first least-squares fitting to only that component. Data are averaged over the final 20 ns of each simulation, and over the two chains of each complex. 
SUPPLEMENTAL EXPERIMENTAL PROCEDURES

System setup
The iMD-1 and RP105•MD-1 complex systems studied here are summarized in Table 1 . Unless otherwise stated, the protein structure for iMD-1 systems was derived from the bRP105•MD-1 complex X-ray structure (PDB 3RG1, chain H), which contained an endogenous diacylated phospholipid ligand. An apo state (iMD-1 apo ) system was generated by ligand removal. For comparison purposes, another apo state was generated using the last structure from one of the LPA simulations, and removing the ligand to generate a more "expanded" structure iMD-1 apo_exp . A dimyristoyl-phosphatidyl-choline (DMPC) lipid was modeled on top of the diacylated electronic density within iMD-1 DMPC using PyMOL (Schrödinger LLC, 2010). In the iMD-1
LPIVa_cMD-1 and iMD-1 LPIVa_hMD-2 systems, ligand orientations were based on co-crystallized LPIVa structures of chicken MD-1 (PDB 3MU3) (Yoon et al., 2010) and human MD-2 (PDB 2E59) (Ohto et al., 2007) , respectively, using STAMP (Russell and Barton, 1992 ) structural alignment within VMD 1.9.1 (Humphrey et al., 1996) . LPA-bound MD-1 systems (iMD-1 LPA ) used a simulation-generated "open" form of iMD-1, plus STAMP structural alignment based on the X-ray structure (PDB 3FXI) of LPSbound human TLR4•MD-2 (Park et al., 2009) . Since the MD-1 cavity was not sufficiently "open" to fit LPA, a more expanded structure was chosen from one of the iMD-1 trajectories (at ~41 ns). STAMP structural alignment based on the X-ray structure (PDB 3FXI) of LPS-bound human TLR4•MD-2 (Park et al., 2009) was used to introduce LPA into the MD-1 cavity, prior to minimization in PyMOL, generating the iMD-1 LPA starting structure. The same protocol was used to model LPA inside the MD-1 cavities derived from the X-ray structures of bRP105•MD-1 (PDB 3RG1, (Yoon et al., 2011) ) and hRP105•MD-1 (PDB 3B2D, (Ohto et al., 2011) ). In all systems, solute was embedded in a truncated octahedral box with at least 15 Å distance from the box edges. The systems were solvated in a 0.1 M NaCl solution, mimicking physiological salt conditions. The final iMD-1 and RP105•MD-1 systems contained a total of ~70,000 atoms (11,000 water molecules) and ~400,000 atoms (~112,000 water molecules) respectively. The volume of the box was equilibrated at 298 K in three stages of 0.5 ns each, with a gradual reduction of restraints on heavy atoms, under the NPT ensemble. For "restrained" apo states, restraints of 1,000 kJ mol -1 were applied to water molecules within the cavity to prevent them from leaving during the equilibration stage. Production MD was performed on the unrestrained system for a minimum of 100 ns.
Simulation conditions
All MD simulations were implemented in the GROMACS 4.5.5 simulation package (Hess et al., 2008) . The CHARMM22/CMAP (Bjelkmar et al., 2010; MacKerell et al., 1998) all-atom force field was used in combination with the TIP3P explicit water model (Jorgensen et al., 1983) . For comparison, dynamics were also generated with a range of other protein force fields including AMBER99-SB-ILDN (Lindorff-Larsen et al., 2010), GROMOS96 53a6 (Oostenbrink et al., 2004) , and OPLS-AA/L (Kaminski et al., 2001) , and with water models including TIP4P, TIP5P (Jorgensen et al., 1983; Jorgensen and Madura, 1985) , and SPC (Berendsen et al., 1981) (Table 1 ).The parameters for LPIVa and LPA lipids were taken from (Paramo et al., 2013) . All simulations were performed using the leap-frog algorithm with a 2 fs time-step. The LINCS algorithm (Hess et al., 1997) was used to constrain bond lengths. The van der Waals interactions were smoothly switched off between 1 and 1.2 nm. Electrostatic interactions were calculated using the Particle-Mesh Ewald Method (Essmann et al., 1995) , and the real-space sum was cut off at 1.2 nm. The neighbour list was updated every 10 steps using a cutoff of 1.4 nm. The temperature was set to 298 K (velocity-rescale thermostat (Bussi et al., 2007) ) and the pressure to 1 bar (Parrinello-Rahman barostat with isotropic coupling (Parrinello, 1981) ) under periodic boundary conditions. The output frequency for coordinates during production MD was 10 ps. Trajectory analysis and visualisation were performed using tools within the GROMACS package, and VMD 1.9.1 (Humphrey et al., 1996) . Time-dependent characterisation of the MD-1 cavity used trj_cavity (Paramo et al., 2014) . Average and standard deviation values presented throughout this work were calculated for the final 20 ns of each trajectory, when the measured system properties were assessed to have reached convergence, unless otherwise stated.
Umbrella Sampling Calculations
Umbrella sampling was used to calculate free energy profiles associated with the binding of LPIVa and LPA to the bovine iMD-1 cavity. Initial setup of the umbrella sampling simulations for LPIVa and LPA binding were based on the iMD-1
LPIVa_hMD-2 and iMD-1 LPA systems, respectively. Umbrella sampling windows were generated using a series of 5-10 ns steered MD simulations, in which the glucosamine moiety of the lipid was pulled from the centre of mass of the protein using a spring constant of 1000 kJ mol -1 nm -2 and a constant pulling rate of 0.01 nm ps -1 , in a direction normal to the cavity entrance. Backbone atoms of strands βB and βI at the 'floor' of the β-cup were restrained to prevent MD-1 from moving during ligand removal. Before production runs, each window was equilibrated for 0.1 ns using position restraints on all protein/lipid heavy atoms with a force constant of 1000 kJ mol -1 nm -2 . A harmonic potential with force constant of 1000 kJ mol -1 nm -2 was applied to the lipid during umbrella sampling. An initial 0.2 nm spacing was used between biasing windows, with additional ones added subsequently where necessary to ensure histogram overlap, leading to ~15-20 windows per system over a total ~3 nm width. Umbrella sampling windows were run for sufficient time (between 15-30 ns) to ensure PMF convergence. The weighted histogram analysis method was used to calculate PMFs from the biased distributions, with a relative tolerance of 10 -6 . Statistical errors were evaluated with the Bayesian Bootstrap method implemented as part of g_wham (Hub et al., 2010) . The bootstrapping procedure was repeated to generate 100 bootstrapped PMFs. Additional PMFs
